The energy-efficient low-carbon EU economy (known as the 20-20-20) sets fundamental objectives in reducing greenhouse gas emissions (20%), increasing the share of renewable energy sources (20%) and saving primary energy consumption (20%). The objectives are incorporated in the National Renewable Energy Action Plans (NREAPs). Slovakia has to increase the share of renewable energy sources (RES) by 14% in its energy mix by 2020. Currently, the most widely used RES are water and solar energy, biomass and biogas. Our country has suitable ecological conditions for growing the so called energy crops in lowland and upland areas. So far, however, there is a lack of science-based information on the potential production of biomass in different soil-ecological and climatic conditions of the Slovak Republic. Our experimental research is focused on quantification of biomass production of various willow (genus Salix), poplar (genus Populus) and silvergrass (Miscanthus sinensis) varieties grown in ecological conditions of southern Slovakia. We evaluated the biomass production of the studied crops. The results were evaluated in terms of the EU call (2013): to obtain more energy while reducing inputs and negative environmental impacts.
The EU energy program by 2050 is based on the use of renewable energy sources. Among the renewable sources, bioenergy represents a high proportion. The term means energetic use of any kind of biomass to produce heat, electricity or transport fuels. According to the above mentioned energy program, bioenergy should be obtained through a more efficient use of resources, reduction of energy inputs for their production, and reduction of negative environmental impacts. In Slovakia, the renewable energy sources were used at a limited basis in recent decades. The EU Member States committed to cover 20% of the energy consumption from renewable sources by 2020. The share of renewable energy on gross final energy consumption in Slovakia increased from 6.7% in 2004 to 9.7% in 2011. The 2020 target for Slovakia included in National Renewable Energy Action Plan is 14% (EUROSTAT, 2013) .
Biomass is considered to have the greatest potential from the renewables, particularly agricultural biomass of plants grown on arable lands for the energy purposes (agricultural crops, fast-growing trees, plants and grasses grown on agricultural land, freshwater cyanobacteria and algae and other plants). According to Jureková et al. (2011) and Demo et al. (2013a) , Slovakia has a potential and suitable climate condition to grow fast-growing trees (Salix sp., Populus sp. and Robinia sp.) and fast-growing plants (Miscanthus, Panicum and Sorghum) (Jureková et al., 2012; Porvaz and Tóth 2013) . Cultivation of energy crops requires changes in structure of the arable land. In this sense, there is a lack of statistical data on areas of agricultural land used for growing fastgrowing trees and plants. The paper gives an overview of the current state of the existing data (the Statistical Office of the Slovak Republic (SO SR) (2013) and the Soil Science and Conservation Research Institute of the Slovak Republic (SSCRI SR) (2014)). Our departments have focused on research of fast-growing trees and plants since the last decade. The research has been aimed at selecting species and varieties with optimum characteristics and production potential. The paper summarizes these results, too.
The maps representing areas of individual types of land use were created in Arcview 3.2 software based on data obtained from SO SR (2013) and SSCRI SR (2014) .
The research of energy crops took place in the field base in Kolíňany. The basic pedological data are provided by Jureková et al. (2013) and Demo et al. (2013a and 2013b) . Selected climate data are shown in Figure 1 and Figure 2 .
Average monthly temperatures were monitored in the period of 2009 -2013 (Figure 1 ). Total average annual temperature values ranged from 9.9 to 11.3 °C. Larger differences were observed in precipitation (Figure 2 ). The highest amount of total rainfall was recorded in 2010 (860.2 mm). In terms of the distribution, the largest monthly rainfall was in May and June 2010. Other years have been relatively dry. In 2011, the annual precipitation was 341.9 mm and 449.0 mm in 2012. The planting density of the poplar and willow stands is described in Demo et al. (2013a and 2013b) . Individual plants of the five Swedish willow varieties were weighed at the end of the growing season of the fourth year (2010) of the first harvest cycle (3-yearold shoots). The measurements were taken on the site (Hauptvogl, 2011) .
The stand of two Miscanthus genotypes: Miscanthus × giganteus GREEF et DEU and Miscanthus sinensis (Tatai), was established in 2010. The planting density and technology of cultivation is described in Jureková et al. (2012 Jureková et al. ( , 2013 . Dry above-ground phytomass of individual Miscanthus genotypes was harvested in each calendar year (2010) (2011) (2012) (2013) in March. Biomass production of the previous growing season was evaluated. After the harvest, fresh weight of the aboveground organs (at harvest moisture) was determined. Samples were dried (at 120 °C until constant weight) and afterwards, absolute dry weight was determined gravimetrically. The phytomass yield from 1 m 2 was converted to the total yield per 1 hectare. The statistical evaluation of the above-ground biomass weight and total yield of the studied willow and poplar varieties, as well as Miscanthus genotypes was carried out by singlefactor analysis of variance (ANOVA).
The EU countries with the biggest areas of available land for bioenergy production are Poland, Spain, Italy, the United Kingdom, Lithuania and Hungary. In Slovakia, the available arable land for dedicated bioenergy crop cultivation is expected to rise from about 81,000 ha in 2010 to 213,000 ha in 2030 (EEA, 2006) .
Fast-growing trees, mainly willows and poplars, as well as energy grasses should play an important role in Slovak renewable energy policy, due to the fact that they are suitable to our agro-ecological and economic conditions. The most suitable ecological conditions can be found in lowlands and highlands located in warmer climate conditions and rather humid soils (SSCRI, 2014) . According to SO SR (2013), fast-growing trees currently cover about 676.01 hectares in Slovakia. However, the data are not very reliable and more detailed investigation should be made.
The land that is used for energy cropping is a natural resource, comprising of soil, minerals, water and biota. It plays an important role in delivering valuable ecosystem services, such as supporting the cultivation of biomass for food, energy and other products, and regulating environment (EEA 2013) .
Slovak legislation set the condition for cultivation of fast-growing plants on agricultural land. The plantation can be established on soil that is classified in 5 -9 quality category indicated by BPEJ code (number 1 represents the highest quality soil, number 9 the lowest); contaminated soil; soil classified in 3 or 4 quality category if it is located in floodplain, the soil is waterlogged or exposed to wind erosion (Act No 34/2014 Coll.) .
Other agricultural lands that are potentially suitable for fast-growing trees include fallow lands and unused agricultural soils. The area of the fallow land in Slovakia is about 13,312.51 ha and the unused agricultural soils represent 15,575.85 ha (SO SR, 2013). The highest share of both fallow and unused agricultural areas can be found in the Banská Bystrica Region (Figure 3 and Figure 4 ).
Sensitive areas (contaminated soils) are suitable for fast-growing plants, due to the fact that they are excluded from food production. The sensitive areas of Slovakia are located in the territory of Upper Nitra, Žilina, Ružomberok, Banská Bystrica, Žiar, Jelšava and Hačava ( Figure 5 ). The highest biomass production potential in Central and Eastern Europe is in countries with the biggest land areas, notably Poland and Romania (van Dam et al., 2007) .
results and discussion
A study of potential biomass production of Salix, Populus and Miscanthus in 10 eastern European countries revealed that the highest Salix and Populus potential yields are in the Czech Republic (35.7 t ha -1 ), and from the former Soviet Union countries in Georgia (38.1 t ha -1 ). The highest potential yields of Miscanthus were determined in Slovenia (27.5 t ha -1 ) (Fischer et al, 2005 ). Content of dry matter varied from 48.47 to 51.02%. We observed that even though Gudrun reached the lowest average weight, due to the highest content of dry matter, it provided higher average yield than Tordis and Inger (Table 1) . However, there were no significant statistical differences of the weight and the yield among the willow varieties (Table 2) .
Trnka (2009) (Daniel and Medvecký 2010) . In contrast, the varieties Sven, Tora, Tordis and Inger grown in 2-year harvest cycle in Hungary under unfavourable site conditions produced 38,6 t ha -1 of biomass on average (control variant, 2009) (Mikó et al. 2014) .
We also studied biomass yield of four poplar varieties (Monviso, Pegaso, AF-2 and Sirio). The stand was established in 2008. The paper provides yields obtained at the end of the fourth growing season (first rotation cycle) in 2012.
The weight of the fresh matter of the studied poplar varieties ranged from 15.83 kg (AF-2) to 21.16 kg (Monviso). The average yield of biomass at harvest moisture content (fresh matter) ranged from 140.74 t ha -1 (AF-2) to 188.14 t ha -1 (Monviso . A two-yearold poplar stand grown in the soil-ecological conditions of Northwest Hungary (Kapuvár -Kistölgyfapuszta) provided biomass yield of dry matter that varied from 18.06 t ha -1 to 35.40 t ha -1 (Németh, 2010).
The economic threshold for the cultivation of willow and poplar, according to Lindegaard et al. (2001) is 10-12 t ha -1 year -1 of dry matter. In our research, all monitored willow and poplar varieties exceeded the economic threshold.
There were no significant differences in biomass yield among the poplar varieties (Table 4) .
The total production of the aboveground biomass for the first four years of the two studied genotypes of . The average weight of dry matter of the studied Miscanthus genotypes has been increasing since 2010. There were statistically highly significant differences between the genotypes in the observed years (Table 5) . Our findings were confirmed by Porvaz and Tóth (2013) , who studied biomass production of Miscanthus in Eastern Slovak Lowland (Eastern Slovakia).
Conclusion
There are suitable conditions for growing energy crops in Slovakia. Currently, there are about 676.01 hectares of fastgrowing trees in Slovakia. The area of these crops, as well as energy perennial grasses such as Miscanthus should increase in the coming years. There is potential for establishment of energy plantations on fallow, unused and contaminated agricultural soil. Our research focused on five Swedish willow varieties, four poplar varieties and two genotypes of Miscanthus. The results confirmed that the studied willow varieties, grown in the first rotation cycle (2007) (2008) (2009) (2010) (2011) , performed their production potential differentially. The differences of the biomass yield among the varieties were not statistically significant. The biomass yield of the willow varieties ranged from 52.53 to 66.11 t ha -1 3 yrs -1 of dry matter. The results of the poplar varieties studied in the first rotation cycle (2008) (2009) (2010) (2011) (2012) confirmed the ability of intensive biomass production. The poplar varieties provided biomass yield of dry matter ranging from 67.42 to 87.16 t ha -1 3 yrs -1
.The differences among individual varieties were not statistically significant. The Miscanthus genotypes were studied during 2010-2013. The biomass yield has been increasing each year. The total biomass yield of the genotypes reached 86.60 t ha -1 4 yrs -1 and 72.74 t ha -1 4 yrs -1 in Miscanthus × giganteus GREEF et DEU and Miscanthus sinensis (Tatai), respectively. There were statistically highly significant differences between the two genotypes during the observed years.
Abiotic factors during the studied period did not limit growth, life cycle and/or the amount of the biomass production.
